authors request that the following correction be noted. Mutant 49 of the Tac receptor subunit in which Thr-85, Thr-86 were replaced by Ala-85, Gly-86 was also modified at the C terminus of the polypeptide chain. The oligonucleotide used in the mutation reaction apparently hybridized with the single-stranded template at the correct location surrounding Thr-85, Thr-86 and also at a site after the codon for Gln-202. As a consequence, the C-terminal region of the mutant 49 protein differed markedly from that of the native molecule. The mutant protein bound to affinity supports coupled with interleukin 2 and the anti-Tac monoclonal antibody, but was defective for expression on the cell surface. Examination of a new mutant of the Tac protein in which Thr-85 and Thr-86 were replaced by Ala and Gly, respectively, but in which the remaining sequence was identical to that of the native protein, indicates that this substitution has no effect on cell-surface expression. Moreover Correction. In the article "Helper T-cell antigenic site identification in the acquired immunodeficiency syndrome virus gp120 envelope protein and induction of immunity in mice to the native protein using a 16-residue synthetic peptide" by
Correction. In the article "Structure-function relationships for the interleukin 2 receptor: Location of ligand and antibody binding sites on the Tac receptor chain by mutational analysis" by Richard J. Robb, Cynthia M. Rusk, and Michael P. Neeper, which appeared in number 15, August 1988, of Proc. Natl. Acad. Sci. USA (85, 5654-5658), the authors request that the following correction be noted. Mutant 49 of the Tac receptor subunit in which Thr-85, Thr-86 were replaced by Ala-85, Gly-86 was also modified at the C terminus of the polypeptide chain. The oligonucleotide used in the mutation reaction apparently hybridized with the single-stranded template at the correct location surrounding Thr-85, Thr-86 and also at a site after the codon for Gln-202. As a consequence, the C-terminal region of the mutant 49 protein differed markedly from that of the native molecule. The mutant protein bound to affinity supports coupled with interleukin 2 and the anti-Tac monoclonal antibody, but was defective for expression on the cell surface. Examination of a new mutant of the Tac protein in which Thr-85 and Thr-86 were replaced by Ala and Gly, respectively, but in which the remaining sequence was identical to that of the native protein, indicates that this substitution has no effect on cell-surface expression. Moreover, the mutant receptor expressed on the surface of transfected murine L cells bound interleukin 2 Correction. In the article "Helper T-cell antigenic site identification in the acquired immunodeficiency syndrome virus gp120 envelope protein and induction of immunity in mice to the native protein using a 16- Fig. 1 (page 4250 ), residue 9 of the sequence of env T2 (residues 112-124) should be aspartate. Thus, the sequence should read "His-Glu-Asp-Ile-Ile-Ser-Leu-TrpAsp-Gln-Ser-Leu-Lys." This sequence is shown correctly in Fig. 4 (10) (11) (12) (13) (14) (15) (16) (17) . This general feature of the response, known as immunodominance, is observed in both mice and humans with membrane-associated and soluble antigens. Moreover, it has been found to be true even for noneukaryotic proteins such as influenza hemagglutinin (18, 19) or staphylococcal nuclease (20) for which self-tolerance cannot account for the limited number of antigenic sites. Specific segments of a protein, furthermore, may induce active suppression that abrogates the response to all other regions of a molecule (21) . For these reasons, the rational design of a vaccine against the AIDS virus requires identification of those segments of protein sequence that elicit T-cell immunity. Such knowledge would be especially valuable in situations where recombinant fragments or synthetic peptides are employed. An ideal vaccine would be highly immunogenic, would induce both T-cell and B-cell virus-specific immunity, and would be free of irrelevant carrier proteins. While traditional approaches using whole virion or virion subunits can generally achieve this, practical considerations such as safety and availability of native antigen have led many to consider more highly engineered vaccine constructs for AIDS (1, (22) (23) (24) . As a first step in identifying potentially important T-cell sites, we have initially focused on the gp120 envelope protein ofhuman immunodeficiency virus (HIV). A T-cell response to the gp120 envelope protein has been demonstrated by Zarling et al. (25) in macaques immunized with vaccinia constructs containing gp120 coding sequence. However, identification and characterization of immunodominant T-cell sites within this 484-residue protein or other HIV proteins have not been reported, to our knowledge.
MATERIALS AND METHODS
Sequence Analysis. Our approach to the problem of finding T-cell sites in this large protein was to apply a method developed in our laboratory that identifies -75% of known immunodominant helper T-cell epitopes from 12 model proteins (26) (27) (28) . This strategy is based on the observation that immunodominant T-cell sites tend to have an amino acid sequence consistent with formation of an amphipathic helix with hydrophilic residues on one face and hydrophobic residues on the opposite face (26) . In an amphipathic a-helix, the hydrophobicity varies sinusoidally with a period of 3.6 residues per turn of the helix or a frequency of 100°per residue. An amphipathic 310-helix is a helix with 3 residues per turn and thus has a frequency of 1200. Based on this model, an algorithm, entitled AMPHI, has been developed Abbreviations: HIV, human immunodeficiency virus; HTLV-III, type III human T-cell lymphotropic virus; AIDS, acquired immunodeficiency syndrome; PPD, purified protein derivative. **To whom reprint requests should be addressed.
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for identification of such sequences in proteins given only primary sequence data (28) . The AMPHI algorithm was used to examine HIV envelope protein amino acid sequences (29) (30) (31) (32) (33) for sites with periodic variation in the hydrophobicity consistent with formation of an amphipathic helix.
As five potential sites were identified in the gpi20 sequence, we chose to study first those potential sites from more conserved regions (based on a comparison of the six available sequences), as these might be more broadly useful. Furthermore, because glycosylation might mask potential T-cell epitopes, we focused on segments lacking N-linked glycosylation sites.
Synthetic Peptides. Synthetic peptides corresponding to these selected sites were prepared using standard methods of solid-phase peptide synthesis on a Vega 250 peptide synthesizer using double dicyclohexylcarbodiimide-mediated couplings (34, 35) and butyloxycarbonyl (Boc)-protected amino acid derivatives. Hydroxybenzotriazole preactivation couplings were performed when coupling glutamine or asparagine. The extent of coupling was monitored using the qualitative ninhydrin test and recoupling was performed when <99.4% coupling was observed. Peptides were cleaved from the resin using the low/high hydrogen fluoride (HF) method (36) . For peptide env T2, standard HF cleavage was employed as removal of the tryptophan formyl protecting group was found not to be required for antigenic activity. Peptides were purified to homogeneity by gel filtration and reverse phase HPLC (37 T-cell lymphotropic virus (HTLV-IIIB) into the Repligen expression vector, followed by expression in Escherichia coli and purification as described (3). R10 was initially solubilized in 20 mM Tris-HCl, pH 8.0, with 10 mM 2-mercaptoethanol at 0.22-0.66 mg/ml. PB1 was solubilized in 8 M urea at 1.9 mg/ml. Protein R10 represents residues 49-474 of the HTLV-IIIB envelope protein with 25 non-HTLV-III vectorderived residues at the N terminus and 440 such residues at the C terminus. Protein PB1 represents residues 294-474 of gpi20 with 30 and 24 non-HTLV-III residues at the N and C termini, respectively. The N-terminal residues of PB1 are partially shared with those of R10, whereas the C-terminal residues are unrelated.
Mice. As a genetically defined model of an outbred population, we studied the immune response to these proteins in (C57BL/6 x C3H/HeJ)F1 and (A.SW x BALB/c)Fl mice (H-2bxk and H-2sxd, respectively). This strategy provides for H-2 complementation in the context of four different strain backgrounds. In some studies, the corresponding parental strains or C57BL/10 congenics, BlO.A(5R), B1O .BR, BlO.S(9R), and B1O.D2, were studied. The C3H/HeJ and BALB/c mice express both I-A and I-E molecules of the H-2k and H-2d haplotypes, respectively. The C57BL/6 and A.SW mice express only I-A molecules of the H-2b and H-20 haplotypes, respectively, because they produce only an I-Ep3 Lymph Node T-Cell Proliferation Assays. Mice were immunized with either 10 pug (0.1 nmol) of the large recombinant protein R10 or 5.2 jig (3 nmol) of peptide env T1 in 50 1.d of complete Freund's adjuvant (Difco) subcutaneously at the base of the tail. Eight days later, the draining lymph nodes were removed, and a single-cell suspension was assayed in quadruplicate cultures at 3 x 105 cells per well in complete medium as described (12, 14) . Thymidine incorporation into DNA during the last 18 hr of a 5-day culture was determined as a measure of proliferation. The background without antigen was subtracted to obtain the difference in cpm (Acpm).
RESULTS
AMPHI parameters for the two most favorable sites are shown in Fig. 1 . Candidate T-cell sites were selected by including appropriate flanking residues. Candidate T-cell sites env T1 and env T2 were defined as residues 428-443 and residues 112-124, respectively. The standard epitope nomenclature employed consists of viral isolate, protein designation, site type, and assigned number or residue number [e.g., HTLV-IIIB(BH1O)env T1].
Quantities of purified gp120 available precluded use in immunization, and thus, the R10 protein containing the majority of the gp120 sequence in nonglycosylated form was the largest immunogen used. In both F1 hybrids immunized with R10, a strong response was observed not only to the immunogen R10, but also to gp120 and the env T1 peptide (Fig. 2 A and B) . Therefore, the response was largely directed at envelope sequence and not at the irrelevant vector-derived residues in the recombinant protein. Thus, the recombinant R10 fragment is an effective immunogen for priming for a response to the native gp120. The response to the synthetic peptide env T1 indicates that the T-cell response to the 425-residue R10 is in fact partially focused on the 16-residue env T1 site. T cells from mice immunized with PB1, the smaller of the two recombinant fragments, also responded to env T1 peptide (data not shown). In other experiments with R10-immune lymph node cells, a response to peptide env T2, similar to that to peptide env T1, was observed ( Table 1 ).
Given that immunization with a large fragment spanning (Fig. 2 C and D) . Thus, a 16-residue synthetic peptide can elicit T-cell immunity to the native AIDS virus protein.
To further characterize genetic restriction of the response to env T1, we studied the independent H-2 disparate parental strains from which the F1 hybrids had been derived: C57BL/6, C3H/HeJ, A.SW, and BALB/c. Mice were immunized with env T1 peptide and studied with native and peptide antigens. C57BL/6 (H-2b haplotype) was found to be a nonresponder, whereas the other strains (haplotypes H-2k, H-21, and H-2d) were responders to the env T1 peptide (Fig.  3) . The response to native gp120 paralleled that to the peptide. A corresponding pattern of responsiveness is also observed in congenic strains of mice (Table 2) . Thus, peptide env T1 represents a 16-residue peptide that can prime T cells for a secondary response to the 484-residue glycosylated native gpi20 in multiple but not all major histocompatibility haplotypes.
An unexpected finding was the striking crossreaction between env T1 and env T2 peptides. The env T1 immune cells responded to env T2 as well as to the immunizing peptide (Fig. 3) . Crossreactivity of env T2 was most pronounced on the H-21 haplotype. Prompted by this finding, we compared the two sequences and observed a degree of homology that was even more evident when considered in the context of possible a-helical structure, as shown in Fig. 4 . Not only do env T1 and env T2 share the hydrophobic Ile-Ile-Xaa-Yaa-Trp cluster on the hydrophobic face and the lysine on the hydrophilic face of the helix but also the spatial relationship between these is identical. Glutamine and acidic amino acids (glutamic acid and aspartic acid) neighboring the lysine are observed in both cases as well. The poor reactivity to peptide 102-118 of sperm whale myoglobin, which is derived from an unrelated protein and shares minimal homology with env T1, indicates that the property of being an amphipathic a-helical peptide is not sufficient for crossreactivity (37) . As an additional specificity control, gpl20, env T1, and env T2 were tested using lymph node cells from the high responder C3H and (A.SW x BALB/c)F1 mice immune to an unrelated antigen, sperm whale myoglobin, and were found to be nonstimulatory (data not shown).
DISCUSSION
Induction of T-cell immunity may contribute in several ways to protection against HIV infection. Though AIDS progresses despite the presence of detectable antibody to viral proteins in most patients, neutralizing antibody of variable titer has been demonstrated in many such patients (39) (40) (41) . Neutralizing titers that are group specific are substantially higher in healthy AIDS-related-complex patients and in HIV antibody-positive hemophiliacs (39, 40 (38) . There are 3.6 residues per turn of the helix. The hydrophobic residues are shaded. Residues common to both sites are boxed. Regions outside of the peptides are shaded according to hydrophobicities of residues in the gpl20 sequence. cyte immunity, may be essential for an effective vaccine. The AMPHI algorithm was developed to identify helper T-cell sites, and consequently, its relevance to cytotoxic T lymphocytes specificity is unknown. However, it does successfully identify the two characterized sites in influenza nucleoprotein recognized by human and murine cytotoxic T lymphocytes (46) . In vivo expression of antigens, such as in a vaccinia or adenoviral vector, may be required for efficient elicitation of a classical cytotoxic T lymphocyte response (47, 48) . The demonstrations that helper T cells can kill major histocompatibility complex class II-positive antigen-presenting cells suggest an additional mechanism whereby helper T-cell immunity might help prevent or contain viral infection (49, 50) .
Though species differences are certain to influence the T-cell repertoire, the molecules and mechanisms leading to a T-cell response are conserved across species, and thus, the factors determining immunodominance would be expected to be similar as well. The one helper T-cell site (from influenza virus) that has been characterized at the synthetic peptide level in humans is in fact immunodominant in mice as well and has an amino acid sequence consistent with formation of a highly amphipathic a-helix (18, 19) .
While it is encouraging that amphipathicity analysis has aided in the successful identification of two T-cell epitopes from HIV gpl20, the present results are not intended to be a statistical test of the method. Further validation will require the testing of a large number of peptides from many proteins. Rather, the goal of this study was to localize T-cell sites from the HIV envelope that might be useful in vaccine development, as, to our knowledge, no T-cell epitopes have been identified in any AIDS virus protein. Studies with AIDS virus peptides have been directed at antibody specificities (1) (2) (3) (4) (5) (6) (7) (8) (9) or pharmacologic blocking of gpl20 binding to CD4 (51) and have dealt with sites distinct from those of the present study.
The fact that helper T-cell immunity can generally be induced with short peptides as well or better than with native protein stands in sharp contrast to the situation with B-cell immunity for which tertiary structure is frequently important (52, 53) and indicates that peptide vaccines aimed at T-cell immunity may be more successful than those aimed at antibody production. In a synthetic peptide or recombinant fragment-based construct, one could selectively include important helper T-cell sites, in multiple copies if desired, and exclude suppressor T-cell sites (21) . Sites associated with specific functions or possible undesirable side effects, such as the CD4 binding site(s), the site(s) mediating syncytia formation, or the neuroleukin homology site (54, 55) , may be systematically included or excluded. For vaccines designed to induce antibodies as well as T-cell immunity, incorporation of pathogen-derived T-cell sites along with important B-cell sites obviates the need to chemically couple small peptides to irrelevant carriers and, consequently, disposes of coupling and carrier-derived problems and enables a natural secondary immunization on exposure to the pathogen. Thus, the T-cell sites identified in this study may be potentially important components of an effective AIDS vaccine. If, in fact, a vaccine can be developed that substantially enhances cell-Proc. Natl. Acad. Sci. USA 84 (1987) 4253 mediated immunity as well as the antibody response, it might be effective therapeutically in the prodromal stages of the disease as well as for prevention. Prior to initiation of human trials, it is anticipated that any potential vaccine preparation would be assessed in the chimpanzee, a species that is readily infected with HIV and in which prevention of initial infection is potentially demonstrable.
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